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Abstract
Tail biting is common on farms that are more prone to disease. Tail lesions can be associated with poor 
health either directly by providing a route of entry for pathogens or indirectly as conditions which trigger tail 
biting may also affect pig health. The aim of this study was to investigate the relationship between carcass tail 
lesion and lung lesion severity scores in Irish slaughter pigs. Factory visits occurred over 5 days (Jan – March 
2015) and tail lesion score (0 – 4) according to severity, sex, and kill number was recorded for every pig after 
scalding and dehairing. The lungs from each carcass were scored for lesions using an adapted version of the 
BPEX pig health scheme. Presence of pleuropneumonia (APP), abscesses and pyaemia was recorded. The 
severity of enzootic pneumonia (EP-like lesions) was recorded on a scale of 0 – 50 and grouped into none/
mild (score 0 – 10), moderate (score 11 – 20) and severe (score 21 – 50). Severity of pleurisy was scored on 
a 0 – 2 scale with a separate variable for lungs that were attached to the chest wall (score 2). These lungs 
could not be assessed for other lung lesions and therefore a separate database was created for assessing 
the pleurisy lesions (n = 5,628) while the final database contained animals (n = 4,491) with records for tail 
lesions, EP-like lesion scores and pleurisy (level 0 + 1). Associations between tail lesions and sex and the 
different lung lesion outcomes were analysed using generalized linear mixed models (PROC GLIMMIX) with 
random effect for batch. EP-like lesions and pleurisy were the most common lesions, though large variation 
existed between batches. Pigs with severe tail lesions tended to have more severe pleurisy where the lungs 
remained attached to the chest wall than pigs with moderate tail lesions. No other associations between 
tail lesion scores and lung lesions were found. Although tail lesions on the carcass may not be an accurate 
predictor of lung health, tail lesions are important welfare indicators and respiratory disease is among the 
most significant infectious conditions affecting pigs. Thus, recording of tail and lung lesions at meat inspection 
provides valuable information regarding the on-farm health welfare of pigs. 
Introduction
Surveillance tools assessing animal health and welfare are essential to assist the pig industry in monitoring 
and correcting problems associated with disease and poor welfare. Tail biting is an abnormal behaviour 
performed by pigs which reflects and causes poor welfare. Tail biting may also reflect poor health which could 
explain why it is more common on farms that are prone to disease (Moinard et al., 2003; van den Berg et al., 
2005). There are two possible explanations for this link. Respiratory diseases (e.g. pleurisy/pneumonia) and 
other diseases have risk factors in common with tail biting which could explain why tail biting is thought to be 
more common on farms that are prone to disease (Moinard et al., 2003). For example, a higher prevalence 
of gastric lesions was observed in pigs coming from farms that showed signs of tail biting (van den Berg et al., 
2005). Secondly, the damage resulting from tail biting provides a route of entry for pathogens which can then 
be haematogenously disseminated to different organs including the lungs leading to abscessation (Heinonen 
et al., 2010; Schrøder-Petersen and Simonsen, 2001). Elbers et al., (1992) found moderate correlations 
between inflammation of the tail and pneumonia, lung abscesses and severe pleurisy. Pigs with moderate tail 
lesions had higher odds of having abscesses or lung lesions (pleuritis and embolic pneumonia) and this risk 
increased with more severe tail lesions (Marques et al., 2012). In contrast, Kritas and Morrison (2007) found 
no association between enzootic pneumonia and tail lesions but did find a relationship between severity 
of tail lesions and the occurrence of abscesses and pleuritic lesions in the lungs. Although tail damage is 
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recorded during meat inspection, it is often only the presence of severe tail damage that is noted (EFSA, 
2007). A limited number of studies have examined the occurrence of tail lesions of differing severity but in 
many studies pathological lesions were scored as binary, i.e. presence or absence, or only recorded when the 
lesions was the cause of condemnation (Harley et al., 2014; Sanchez-Vazquez et al., 2011; Valros et al., 2004). 
The extent of the relationship between tail lesions and mild pathological lesions has not been established. 
To the authors’ knowledge, the only other study which examined the severity of both tail lesions and other 
pathological lesions was conducted by Munsterhjelm et al., (2013), when investigating characteristics of tail 
biters and victims. Victim pigs had higher tail lesion scores both on a macroscopic and histological level and 
a higher severity score for respiratory organ inflammation (Munsterhjelm et al., 2013). The aim of this study 
was to investigate the relationship between carcass tail lesion and lung lesion severity scores in Irish slaughter 
pigs. It was hypothesised that there would be a relationship between lung health scores and carcass tail lesion 
scores reflecting the association between pig health and welfare on farm. 
Material and Methods
The study was designed as an observational study conducted in an Irish pig factory with a line speed 
of 6 pigs per minute. Factory visits were conducted between January and March of 2015 assessing a total 
number of 6,244 pigs. After scalding and dehairing, one observer scored carcasses for tail lesions as per 
Kritas and Morrison (2007) according to severity (0: no evidence of tail biting; 1: healed/mild lesions; 2: 
evidence of chewing or puncture wounds, but no evidence of swelling; 3: evidence of chewing or puncture 
wounds with swelling and signs of possible infection; 4: evidence of chewing or puncture wounds with severe 
swelling/infection or open, gaping wound where tail used to be) and recorded the sex, kill number and farm 
identification. On the viscera line the lungs were removed from the carcass and numbered to correspond to 
the carcass. Lung lesions were scored using an adapted version of the BPHS (BPEX; Ellerbroek et al., 2012; 
Sanchez-Vazquez et al., 2011). Enzootic pneumonia-like lesions (EP-like lesions) were scored on a 0 – 50 scale 
according to the number of lung lobes and the percentage of each lobe affected (accessory lobe was excluded 
due to time constraints). Mild and severe pleurisy were recorded and a separate recording was made for 
severe pleurisy when the lungs were attached to the chest wall and therefore not removed from the carcass. 
Finally the presence of pleuropneumonia (APP), abscesses and pyaemia was recorded.
All statistical procedures were conducted using SAS V9.3 (SAS Inst. Inc., Cary, NC). Data from batches 
smaller than 30 pigs were omitted from analysis (Stark, 2000). Tail lesion scores were collapsed into none/
mild (score ≤1), moderate (score 2) and severe lesions (score ≥3).The prevalence of the different tail lesion 
and lung lesion outcomes was calculated using descriptive statistics for each batch. Due to the low prevalence 
of APP and pyaemia these were excluded from further analyses. EP-like lesions were grouped into categories 
none/mild (score 0 – 10), moderate (score 11 – 20), and severe (score 21 – 50) (adapted from BPEX, 2007) 
and binary scores were created for each category. Pleurisy scores were separated into binary scores for mild 
and severe pleurisy and lungs that remained attached to the chest wall. Lungs with severe pleurisy or those 
that remained in the carcass could not be assessed for the other lung lesions. Therefore, a separate database 
was created for assessing the pleurisy lesions while the final database contained animals with records for 
tail lesions, EP-like lesion scores and pleurisy (level 0 + 1). Associations between tail lesions and sex and the 
different lung lesion outcomes were analysed using generalized linear mixed models (PROC GLIMMIX) with 
random effect for batch within herd.
Results
A final study population of 4,491 pigs was obtained after removal of small batches and missing data. 
Moderate tail lesions were found in 7.5% of the pigs and 2.3% of the pigs had severe tail lesions. EP-like 
lesions (58.16%) and pleurisy (42.6%) were the most frequently occurring lung lesions but however there was 
large variation between batches. Tail lesion score was not associated with EP category, pleurisy or abscesses 
(Table 1). However, tail lesion score tended to be associated with lungs that remained in the carcass due to 
severe pleurisy (P = 0.1). Pigs with severe tail lesions tended to have the lungs attached to the chest wall more 
often than pigs with moderate tail lesions (OR = 4.1; 95% CI 1.10 – 15.3; P < 0.05).






None/mild EP 86.69 85.76 86.41 ns
Moderate EP 8.59 9.20 7.77 ns
Severe EP 4.71 5.04 5.83 ns
Pleurisy*
Mild pleurisy 22.73 20.63 16.30 ns
Severe pleurisy 20.27 18.20 23.70 ns
Lungs in chest 2.62 1.21 5.19 0.1
Abscess** 0.72 1.19 1.94 ns
APP*** 0.22 0 0 -
Pyaemia 0.02 0 0 -
* Dataset including all levels for pleurisy (i.e. 0 - 2) contained 5,628 pigs ** 4,483 pigs scored (missing n = 8) *** 4,487 pigs scored 
(missing n = 4)
Discussion
Both EP-like lesions and pleurisy were commonly observed during the study, however no association with 
tail lesion scores was found. Similarly, Kritas and Morrison (2007) found no significant association between 
severity of tail lesions and the percentage of lungs affected by EP-like lesions and suggested that this could 
be explained by the fact that Mycoplasma hyopneumoniae does not spread to the lungs haematogenously 
(Kritas and Morrison, 2007). Previous case-control studies found a higher odds of pleurisy in tail bitten pigs 
compared to unbitten pigs (Kritas and Morrison, 2007; Marques et al., 2012). We found a tendency for pigs 
with more severe tail lesions to have higher odds of being affected with severe pleurisy, where lungs were 
attached to the chest wall, compared to pigs with moderate tail lesions. The reasons for the absence of 
differences in pleurisy between pigs with none/mild tail lesions and those with severe tail lesions are unclear 
and require further investigation.
The main practical limitation of the study was the line speed (6 pigs/min), placing a time constraint on the 
assessment of lung lesions in each pig. Nielsen et al. (2015) found a moderate correlations between lung lesions 
recorded at routine meat inspection and lung lesions recorded at systematic health monitoring. Differences in 
observer sensitivity and the differing objectives of public health versus animal health monitoring may explain 
why the results of our study are different from those of Teixeira et al. (in preparation) who found significant 
275274
Safepork 2015 Posters Epidemiology and control of hazards in pork production chain – SAFEPORK
One health approach under a concept of farm to fork
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2007). A limited number of studies have examined the occurrence of tail lesions of differing severity but in 
many studies pathological lesions were scored as binary, i.e. presence or absence, or only recorded when the 
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a higher severity score for respiratory organ inflammation (Munsterhjelm et al., 2013). The aim of this study 
was to investigate the relationship between carcass tail lesion and lung lesion severity scores in Irish slaughter 
pigs. It was hypothesised that there would be a relationship between lung health scores and carcass tail lesion 
scores reflecting the association between pig health and welfare on farm. 
Material and Methods
The study was designed as an observational study conducted in an Irish pig factory with a line speed 
of 6 pigs per minute. Factory visits were conducted between January and March of 2015 assessing a total 
number of 6,244 pigs. After scalding and dehairing, one observer scored carcasses for tail lesions as per 
Kritas and Morrison (2007) according to severity (0: no evidence of tail biting; 1: healed/mild lesions; 2: 
evidence of chewing or puncture wounds, but no evidence of swelling; 3: evidence of chewing or puncture 
wounds with swelling and signs of possible infection; 4: evidence of chewing or puncture wounds with severe 
swelling/infection or open, gaping wound where tail used to be) and recorded the sex, kill number and farm 
identification. On the viscera line the lungs were removed from the carcass and numbered to correspond to 
the carcass. Lung lesions were scored using an adapted version of the BPHS (BPEX; Ellerbroek et al., 2012; 
Sanchez-Vazquez et al., 2011). Enzootic pneumonia-like lesions (EP-like lesions) were scored on a 0 – 50 scale 
according to the number of lung lobes and the percentage of each lobe affected (accessory lobe was excluded 
due to time constraints). Mild and severe pleurisy were recorded and a separate recording was made for 
severe pleurisy when the lungs were attached to the chest wall and therefore not removed from the carcass. 
Finally the presence of pleuropneumonia (APP), abscesses and pyaemia was recorded.
All statistical procedures were conducted using SAS V9.3 (SAS Inst. Inc., Cary, NC). Data from batches 
smaller than 30 pigs were omitted from analysis (Stark, 2000). Tail lesion scores were collapsed into none/
mild (score ≤1), moderate (score 2) and severe lesions (score ≥3).The prevalence of the different tail lesion 
and lung lesion outcomes was calculated using descriptive statistics for each batch. Due to the low prevalence 
of APP and pyaemia these were excluded from further analyses. EP-like lesions were grouped into categories 
none/mild (score 0 – 10), moderate (score 11 – 20), and severe (score 21 – 50) (adapted from BPEX, 2007) 
and binary scores were created for each category. Pleurisy scores were separated into binary scores for mild 
and severe pleurisy and lungs that remained attached to the chest wall. Lungs with severe pleurisy or those 
that remained in the carcass could not be assessed for the other lung lesions. Therefore, a separate database 
was created for assessing the pleurisy lesions while the final database contained animals with records for 
tail lesions, EP-like lesion scores and pleurisy (level 0 + 1). Associations between tail lesions and sex and the 
different lung lesion outcomes were analysed using generalized linear mixed models (PROC GLIMMIX) with 
random effect for batch within herd.
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Moderate tail lesions were found in 7.5% of the pigs and 2.3% of the pigs had severe tail lesions. EP-like 
lesions (58.16%) and pleurisy (42.6%) were the most frequently occurring lung lesions but however there was 
large variation between batches. Tail lesion score was not associated with EP category, pleurisy or abscesses 
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severity of tail lesions and the percentage of lungs affected by EP-like lesions and suggested that this could 
be explained by the fact that Mycoplasma hyopneumoniae does not spread to the lungs haematogenously 
(Kritas and Morrison, 2007). Previous case-control studies found a higher odds of pleurisy in tail bitten pigs 
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assessment of lung lesions in each pig. Nielsen et al. (2015) found a moderate correlations between lung lesions 
recorded at routine meat inspection and lung lesions recorded at systematic health monitoring. Differences in 
observer sensitivity and the differing objectives of public health versus animal health monitoring may explain 
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associations between tail lesion scores and lung condemnations due to pleurisy and (pleuro)pneumonia. Our 
results suggest that severity of tail biting is not necessarily a predicator of respiratory disease at slaugher, 
which may reflect the complex aetiology of tail biting behaviour and the multifactorial nature of respiratory 
disease.
Conclusion
This study is the first to report the prevalence of lung lesions in Irish slaugher pigs. The prevalence of 
enzootic pneumonia and pleurisy are high giving cause for concern. Data on tail an respiratory lesions suggest 
that measures to imrpove animal health, animal welfare and reduce economic losses are required on some 
farms. Our results suggest that poor welfare as measured by tail lesions is not necessarily associated with poor 
lung health in pigs, except in the case of severe pleurisy whereby the lungs stay attached to the chest wall. 
Although tail lesions on the carcass may not be an accurate predictor of lung health, tail lesions are important 
welfare indicators and respiratory disease is among the most significant infectious conditions affecting pigs. 
Thus, recording of tail and lung lesions at meat isnpection provides valuable information regarding the on-
farm health and welfare of pigs.
Acknowledgements
The authors would like to express their gratitude to the manager and personnel of the factory for kindly allowing us to perform this 
experiment. Additionally, the authors would like to thank Remi Vial and Alessia Diana for their invaluable help with the data collection.
References
BPEX. British Pig Health Scheme: BPHS scoring system explained. http://www.bpex.org.uk/2ts/health/Bphs/ [accessed 
03 October 2014].
BPEX, 2007. Pigs Action for Productivity - Enzootic pneumonia.
EFSA, 2007. Scientific report on the risks associated with tail biting in pigs and possible means to reduce the need for 
tail docking considering the different housing and husbandry systems (Question No EFSA-Q-2006-013). The EFSA Journal 
(Annex) 611, 1-13.
Elbers, A.R.W., Tielen, M.J.M., Snijders, J.M.A., Cromwijk, W.A.J., Hunneman, W.A., 1992. Epidemiological studies on 
lesions in finishing pigs in the Netherlands. I. Prevalence, seasonality and interrelationship. Preventive Veterinary 
Medicine 14, 217-231.
Ellerbroek, L., Mateus, A., Stark, K., Alsonso, S.L., A. 2012. Contribution of meat inspection to animal health surveillance 
in swine.  Supporting Publications 2012.
Harley, S., Boyle, L., O’Connell, N., More, S., Teixeira, D., Hanlon, A., 2014. Docking the value of pigmeat? Prevalence and 
financial implications of welfare lesions in Irish slaughter pigs. Animal Welfare 23, 275-285.
Heinonen, M., Orro, T., Kokkonen, T., Munsterhjelm, C., Peltoniemi, O., Valros, A., 2010. Tail biting induces a strong acute 
phase response and tail-end inflammation in finishing pigs. The Veterinary Journal 184, 303-307.
Kritas, S.K., Morrison, R.B., 2007. Relationships between tail biting in pigs and disease lesions and condemnations at 
slaughter. Veterinary Record 160, 149-152.
Marques, B.M.F.P.P., Bernardi, M.L., Coelho, C.F., Almeida, M., Morales, O.E., Mores, T.J., Borowski, S.M., Barcellos, 
D.E.S.N., 2012. Influence of tail biting on weight gain, lesions and condemnations at slaughter of finishing pigs. Pesquisa 
Veterinaria Brasileira 32, 967-974.
Moinard, C., Mendl, M., Nicol, C.J., Green, L.E., 2003. A case control study of on-farm risk factors for tail biting in pigs. 
Applied Animal Behaviour Science 81, 333-355.
Munsterhjelm, C., Simola, O., Keeling, L., Valros, A., Heinonen, M., 2013. Health parameters in tail biters and bitten pigs 
in a case–control study. animal 7, 814-821.
Nielsen, S., Nielsen, G., Denwood, M., Haugegaard, J., Houe, H., 2015. Comparison of recording of pericarditis and 
lung disorders at routine meat inspection with findings at systematic health monitoring in Danish finisher pigs. Acta 
Veterinaria Scandinavica 57, 1-8.
Sanchez-Vazquez, M.J., Strachan, W.D., Armstrong, D., Nielen, M., Gunn, G.J., 2011. Papers: The British pig health 
schemes: Integrated systems for large-scale pig abattoir lesion monitoring. Veterinary Record 169, 413.
Schrøder-Petersen, D.L., Simonsen, H.B., 2001. Tail Biting in Pigs. The Veterinary Journal 162, 196-210.
Stark, K.D., 2000. Epidemiological investigation of the influence of environmental risk factors on respiratory diseases in 
swine--a literature review. Vet J 159, 37-56.
Teixeira, D., Harley, S., Hanlon, A., O’Connell, N.E., More, S., Manzanilla, E., Boyle, L., in preparation. The relationship 
between tail lesion scores and viscera condemnations in slaughter pigs.
Valros, A., Ahlström, S., Rintala, H., Häkkinen, T., Saloniemi, H., 2004. The prevalence of tail damage in slaughter pigs in 
Finland and associations to carcass condemnations. Acta Agriculturae Scandinavica: Section A, Animal Science 54, 213-
219.
van den Berg, A., Brulisauer, F., Regula, G., 2005. [Prevalence of gastric lesions in the pars proventricularis in finishing 
pigs at slaughter in Switzerland]. Schweizer Archiv fur Tierheilkunde 147, 297-303.
(1)Pig Development Department, Teagasc Animal and Grassland Research and Innovation Centre, Moorepark, Fermoy, Co. Cork, Ireland
(2)School of Veterinary Medicine, University College Dublin, Belfield, Dublin, Ireland
*corresponding author: nienke.vanstaaveren@teagasc.ie
277276
Safepork 2015 Posters Epidemiology and control of hazards in pork production chain – SAFEPORK
One health approach under a concept of farm to fork
associations between tail lesion scores and lung condemnations due to pleurisy and (pleuro)pneumonia. Our 
results suggest that severity of tail biting is not necessarily a predicator of respiratory disease at slaugher, 
which may reflect the complex aetiology of tail biting behaviour and the multifactorial nature of respiratory 
disease.
Conclusion
This study is the first to report the prevalence of lung lesions in Irish slaugher pigs. The prevalence of 
enzootic pneumonia and pleurisy are high giving cause for concern. Data on tail an respiratory lesions suggest 
that measures to imrpove animal health, animal welfare and reduce economic losses are required on some 
farms. Our results suggest that poor welfare as measured by tail lesions is not necessarily associated with poor 
lung health in pigs, except in the case of severe pleurisy whereby the lungs stay attached to the chest wall. 
Although tail lesions on the carcass may not be an accurate predictor of lung health, tail lesions are important 
welfare indicators and respiratory disease is among the most significant infectious conditions affecting pigs. 
Thus, recording of tail and lung lesions at meat isnpection provides valuable information regarding the on-
farm health and welfare of pigs.
Acknowledgements
The authors would like to express their gratitude to the manager and personnel of the factory for kindly allowing us to perform this 
experiment. Additionally, the authors would like to thank Remi Vial and Alessia Diana for their invaluable help with the data collection.
References
BPEX. British Pig Health Scheme: BPHS scoring system explained. http://www.bpex.org.uk/2ts/health/Bphs/ [accessed 
03 October 2014].
BPEX, 2007. Pigs Action for Productivity - Enzootic pneumonia.
EFSA, 2007. Scientific report on the risks associated with tail biting in pigs and possible means to reduce the need for 
tail docking considering the different housing and husbandry systems (Question No EFSA-Q-2006-013). The EFSA Journal 
(Annex) 611, 1-13.
Elbers, A.R.W., Tielen, M.J.M., Snijders, J.M.A., Cromwijk, W.A.J., Hunneman, W.A., 1992. Epidemiological studies on 
lesions in finishing pigs in the Netherlands. I. Prevalence, seasonality and interrelationship. Preventive Veterinary 
Medicine 14, 217-231.
Ellerbroek, L., Mateus, A., Stark, K., Alsonso, S.L., A. 2012. Contribution of meat inspection to animal health surveillance 
in swine.  Supporting Publications 2012.
Harley, S., Boyle, L., O’Connell, N., More, S., Teixeira, D., Hanlon, A., 2014. Docking the value of pigmeat? Prevalence and 
financial implications of welfare lesions in Irish slaughter pigs. Animal Welfare 23, 275-285.
Heinonen, M., Orro, T., Kokkonen, T., Munsterhjelm, C., Peltoniemi, O., Valros, A., 2010. Tail biting induces a strong acute 
phase response and tail-end inflammation in finishing pigs. The Veterinary Journal 184, 303-307.
Kritas, S.K., Morrison, R.B., 2007. Relationships between tail biting in pigs and disease lesions and condemnations at 
slaughter. Veterinary Record 160, 149-152.
Marques, B.M.F.P.P., Bernardi, M.L., Coelho, C.F., Almeida, M., Morales, O.E., Mores, T.J., Borowski, S.M., Barcellos, 
D.E.S.N., 2012. Influence of tail biting on weight gain, lesions and condemnations at slaughter of finishing pigs. Pesquisa 
Veterinaria Brasileira 32, 967-974.
Moinard, C., Mendl, M., Nicol, C.J., Green, L.E., 2003. A case control study of on-farm risk factors for tail biting in pigs. 
Applied Animal Behaviour Science 81, 333-355.
Munsterhjelm, C., Simola, O., Keeling, L., Valros, A., Heinonen, M., 2013. Health parameters in tail biters and bitten pigs 
in a case–control study. animal 7, 814-821.
Nielsen, S., Nielsen, G., Denwood, M., Haugegaard, J., Houe, H., 2015. Comparison of recording of pericarditis and 
lung disorders at routine meat inspection with findings at systematic health monitoring in Danish finisher pigs. Acta 
Veterinaria Scandinavica 57, 1-8.
Sanchez-Vazquez, M.J., Strachan, W.D., Armstrong, D., Nielen, M., Gunn, G.J., 2011. Papers: The British pig health 
schemes: Integrated systems for large-scale pig abattoir lesion monitoring. Veterinary Record 169, 413.
Schrøder-Petersen, D.L., Simonsen, H.B., 2001. Tail Biting in Pigs. The Veterinary Journal 162, 196-210.
Stark, K.D., 2000. Epidemiological investigation of the influence of environmental risk factors on respiratory diseases in 
swine--a literature review. Vet J 159, 37-56.
Teixeira, D., Harley, S., Hanlon, A., O’Connell, N.E., More, S., Manzanilla, E., Boyle, L., in preparation. The relationship 
between tail lesion scores and viscera condemnations in slaughter pigs.
Valros, A., Ahlström, S., Rintala, H., Häkkinen, T., Saloniemi, H., 2004. The prevalence of tail damage in slaughter pigs in 
Finland and associations to carcass condemnations. Acta Agriculturae Scandinavica: Section A, Animal Science 54, 213-
219.
van den Berg, A., Brulisauer, F., Regula, G., 2005. [Prevalence of gastric lesions in the pars proventricularis in finishing 
pigs at slaughter in Switzerland]. Schweizer Archiv fur Tierheilkunde 147, 297-303.
(1)Pig Development Department, Teagasc Animal and Grassland Research and Innovation Centre, Moorepark, Fermoy, Co. Cork, Ireland
(2)School of Veterinary Medicine, University College Dublin, Belfield, Dublin, Ireland
*corresponding author: nienke.vanstaaveren@teagasc.ie
